The discovery of Li-rich giant has cast a new challenge for the standard stellar evolution models, and to resolve this issue, the number of this type object has been rapidly increased because of the development of worldwide surveys these days. Taking advantage of the Large Sky Area Multi-Object Fiber Spectroscopic Telescope survey, 44 newly Li-rich giants are reported, which are confirmed with highresolution observations. Based on the high-resolution and high signal-to-noise spectra, we derived the atmospheric parameters and elemental abundances with the spectral synthesis method. We performed a detailed analysis of their evolutionary stages, infrared excess, projected rotational velocity (v sin i), and the stellar population. We find that (1) The Li-rich giants concentrate at the evolutionary status of the red giant branch bump, red clump, and asymptotic giant branch; (2) Three of them are fast rotators and none exhibit infrared excess. Our results imply that the origins of Li enrichment are most likely to be associated with the extra mixing in the stellar interior, and the external sources maybe only make a minor contribution. Moreover, various Li-rich episodes take place at different evolutionary stages.
INTRODUCTION
Lithium is one of the most important light elements, which is usually considered an indicator of stellar evolution. When a low-mass star evolves to be a cool giant, the standard evolution model predicts that Li will be significantly diluted by a factor of about 60 after the first dredge-up (Iben 1967a,b) , Li decreases further because of mixing after the red giant branch (RGB) bump (Sweigart & Mengel 1979) . The Li abundances of the majority of RGB stars are less than 1.5 dex, which have been confirmed by the observations (Brown et al. 1989; Lind et al. 2009 ). However, a few (1-2%) of giants have been found to exhibit a higher Li abundance than the prediction (Brown et al. 1989; Charbonnel & Balachan- veying material between the outer layer and the inner region where is hot enough to produce 7 Be. A number of mechanisms for the extra-mixing were proposed to trigger Li production, such as thermohaline mixing (Eggleton et al. 2006) , rotation-induced mixing (Denissenkov & Herwig 2004) , and magnetic buoyancy (Busso et al. 2007 ). However, they are still debated.
The external sources are generally regarded as the accretion of the planet, substellar object (Alexander 1967) , contamination by a more evolved AGB companion that has been through Li-production process (Sackmann & Boothroyd 1999; Kirby et al. 2016) or accretion of the supernova remnant (Woosley & Weaver 1995) . In these cases, some additional traits might accompany the Lirich phenomenon, such as a high rotational velocity, infrared excess (IR), enrichment in other elements, such as Be (Siess & Livio 1999) , α elements (Woosley & Weaver 1995; Jofré et al. 2015) .
Since the first Li-rich giant was found by Wallerstein & Sneden (1982) , numerous works have been devoted to these peculiar objects. They were discovered at each component of the Galaxy (the disk: Balachandran et al. 2000; Monaco et al. 2011 , halo: Deepak & Reddy 2019 , bulge: Gonzalez et al. 2009 , open cluster: AnthonyTwarog et al. 2013 Monaco et al. 2014 , and globular cluster: Ruchti et al. 2011; D'Orazi et al. 2015; Kirby et al. 2016 , dwarf galaxies: Kirby et al. 2012; etc) . A consensus amongst the researches is that the Li-rich giants are difficult to find due to the rareness. Majority of Li-rich giants were discovered by the large surveys, such as SDSS (Martell & Shetrone 2013) , Gaia-ESO (Smiljanic et al. 2018) , GALAH (Deepak & Reddy 2019) , and LAMOST (Li et al. 2018; Yan et al. 2018; Zhou et al. 2018) . In order to investigate the Li-rich giants in detail, high-resolution observation is required. Until now, about 200 Li-rich giants have been identified with high-resolution spectra.
In this paper, we present a high-resolution spectral analysis of the 44 Li-rich giants. All these stars are first reported, which is the largest high-resolution homogeneous sample. These Li-rich candidates were selected from LAMOST survey, and confirmed by followup high-resolution observations. It remarkably expands the amount of Li-rich giants. With the spectroscopic information and Gaia astrometry, we investigate the stellar properties and the origin of the Li-rich giant. The paper is organized as follows. In Sect. 2, we gave a brief description of the observation and data reduction. In Sect. 3, we presented the properties of the newly found Li-rich giants. In Sect. 4, we discussed the potential scenarios of Li enhancement based on the evolutionary status, while the summary was proposed in Sect. 5.
OBSERVATIONS AND DATA REDUCTION
LAMOST is able to take a maximum of 4000 spectra in a single exposure with a limiting magnitude of r=18.5 and a resolution power (R) of ∼1800 (Cui et al. 2012; Zhao et al. 2012) . The wavelength range is 3700Å ∼ 9000Å which covers the Li resonance line at 6708Å. It is of great potential to search for the Li-rich giant in a large amount of spectra. The candidates of the Li-rich giants were picked out from LAMOST spectra, which were based on the equivalent width of Li line at 6708Å and careful visual inspection to the spectra. Subsequently, these targets were identified by the high-resolution observations. We implemented the follow-up observations with five telescopes, they are 1.8m and 2.4m telescopes at the Lijiang Observatory with R ∼ 30,000, 3.5m telescope at Apache Point Observatory (APO) with R ∼ 31,500, 2.4m APF telescope located at the Mt. Hamilton station of UCO/Lick Observatory (R ∼ 80,000), and 8m Subaru telescope with R ∼ 40,000. The mean signalto-noise ratio (SNR) of the spectra is 80. The details of observation with the basic information (e.g. coordinate, V magnitude, exposure time, etc.) are listed in Table 1 .
The spectra were reduced by the revised IDL routines which are primarily designed for the fiber-coupled Cassegrain echelle spectrograph (Pfeiffer et al. 1998 ). The standard reduction procedure includes de-biasing, scattered light subtraction, flat-field correction, order extraction, and wavelength calibration. The continuum fitting, radial velocity measurement and subsequent spectral analysis were performed with iSpec (BlancoCuaresma et al. 2014; Blanco-Cuaresma 2019) .
SPECTRAL ANALYSIS

Atmospheric parameters and abundances
We derive the atmospheric parameters (i.e. effective temperature T eff , surface gravity log g, metallicity and microturbulent velocity) by fitting the observed spectra to the synthetic spectra computed using iSpec with the radiative transfer code SPECTRUM (Gray & Corbally 1994) . The MARCS 1D model atmospheres (Gustafsson et al. 2008 ) and the Gaia-ESO Survey version 5 atomic line list (Heiter et al. 2015 ) are adopted. A least-square algorithm minimization is executed to reduce the differences between the observed and synthetic spectra for a delimited set of regions, the parameters are obtained when the process reaches convergence after several iterations. The selection of lines was done by line-by-line differential analysis in the NARVAL solar spectrum, and the solar abundances have been adopted from Grevesse et al. (2007) . The good lines are expected to better reproduce the solar spectrum when we fix the atmospheric parameters to the solar reference, and we selected these lines with a difference of abundance within ± 0.05 dex given the solar spectrum. After determining the atmospheric parameters, Li abundances were obtained by keeping the stellar parameters fixed and using the Li resonance line at 6708Å. The line list includes the hyperfine structure and isotopic splitting of the Li resonance line. The local thermodynamic equilibrium (LTE) abundances of Li were derived using the SPECTRUM. It is noted that strong Li lines suffer a large non-LTE effect, thus, we also derived the non-LTE results based on the Li atomic model of Shi et al. (2007) .
The covariance errors were returned as the uncertainties of atmospheric parameters by the nonlinear leastsquares fitting algorithm in iSpec. In the case of the Li abundances, the errors of abundances are the quadratic sum of uncertainties of the atmospheric parameters. The atmospheric parameters and Li abundances are presented in Table 2 .
For an independent check of the spectroscopic parameters, we calculated the photometric T eff using Alonso et al. (1999) color-temperature empirical relations of intrinsic color (V-K). The extinction was provided by the 3D dust map of Green et al. (2015) , which is based on the Pan-STARRS and 2MASS photometric data. It is noted that the extinction of one star is not available by Green et al. (2015) , which was adopted from Green et al. (2018) . The second data release of Gaia has provided high precision astrometric information including proper motion and parallax for an unprecedented number (∼1.3 billion) of stars (DR2; Gaia Collaboration et al. 2016 Collaboration et al. , 2018 . For all of our targets, the uncertainties of parallaxes are less than ∼10% from Gaia DR2, the distances were derived from Bailer-Jones et al. (2018), which is a probabilistic approach by adopting a prior of the expected distribution of all stars in Gaia measurements. The photometric surface gravity was then derived through the equation:
where values of M , T eff , M bol were assumed to be 4.74, 5772, 4.44 for the Sun, respectively. To derive the absolute bolometric magnitude (M bol ), the bolometric correction was calculated using the empirical relation of Alonso et al. (1999) for the giants. The luminosity was subsequently obtained through the M bol . The comparisons between spectroscopic and photometric approaches are shown in Figure 1 . Although T eff show a minor offset in the comparison diagram, the log g demonstrate one to one around the diagonal lines. Stellar masses and ages were estimated by the PARAM 1.3 1 , which is a Bayesian PARSEC-isochrones fitting code. It is a statistical method that matches the observed data to the model parameters from the stellar evolution. The stellar masses and ages are listed in Table 2 .
Rotation and infrared excess
Fast rotation is an expected phenomenon of the external origin that enhances Li abundance, which is supported by some studies. For instance, Drake et al. (2002) found that a high ratio (almost 50%) of fast rotators are Li-rich giants, the projected rotational velocity (v sin i) of these objects are greater than 8 km s −1 . The fast rotation might be a result of the planet engulfment (Carlberg et al. 2009) or the tidal interaction with a binary companion (Denissenkov & Herwig 2004) . The high projected rotational velocity is generally considered a key element in investigating the origin of Li enhancement. The external line broadening is due to instrumental broadening, macroturbulence velocity, and projected rotational velocity (Bruntt et al. 2010) . The instrumental broadening can be measured from the Th-Ar emission lines, and the macroturbulence velocity can be derived from an empirical relation based on T eff and log g (Hekker & Meléndez 2007) . Except for the projected rotational velocity, all parameters for line broadening were fixed, v sin i was obtained by fitting the profile of the selected iron lines. For our targets, we derived the projected rotational velocity by fitting the neutral iron lines at 6703, 6705, 6726, 6733, and 6750Å, and the adopted mean values are shown in Table 2 . Infrared excess is also proposed to link the high Li abundance due to the mass-loss event or circumstellar shell ejection (de La Reza et al. 1996; de la Reza et al. 1997) , and a large infrared excess can be easily recognized in the spectral energy distributions (SEDs). Based on the WISE and 2MASS photometry, we investigated the SED through the comparison between the observed fluxes and those from Kurucz models in the near-IR regions (Castelli & Kurucz 2004) . It is found that the observed fluxes from H band to W4 band are coincident with the theoretical predictions, and there are no any significant excesses presented in the SEDs, an example of SED fitting is shown in Figure 2 . In addition, if the giant suffers an intensive mass-loss event, an asymmetric profile of the Hα absorption line would appear (Mészáros et al. 2009) , and no such feature have been detected in any star of our sample.
A more subtle method was proposed to identify small IR excess by Trilling et al. (2008) and Mizusawa et al. (2012) , which was used by Rebull et al. (2015) . Following that work, we calculated the χ [3.4], [22] using the WISE data, which is an ideal metric used to identify infrared excess (Table 2 ). The photometric measurement in each band is labeled as "A" corresponding to high quality data (SNR ≥ 10) for most of our targets. The definition of χ [3.4] , [22] is as follows:
where [3.4] and [22] indicate the magnitudes at bands of 3.4 µm and 22 µm from WISE (Cutri & et al. 2013) , respectively. Here, χ > 3 is considered as an indicator of small infrared excess. The predicted difference between W1 and W4 is normally expected to be 0 for K giants (for more details see Rebull et al. 2015) . None of subtle IR excess was detected by means of χ [3.4], [22] , which is consistent with the result of the SEDs.
In Figure 3 , we presented an analogous plot of figure  18 and 19 of Rebull et al. (2015) for our program stars to examine the relations of Li abundance to v sin i and infrared excess. Rebull et al. (2015) discovered that about ten of their sample stars are fast rotators, and half of them exhibit IR excess. In our sample, only three Lirich giants are identified as fast rotators, and the ratio of the fast rotator (6.8%) is slightly lower than that (12%) of Rebull et al. (2015) . Although Rebull et al. (2015) found that a half of their Li-rich giants with fast rotation exhibit infrared excess, none of our fast rotators show the infrared excess.
Stellar population
Different stellar populations have distinct origins, thus, Li abundance might evolve through different paths for the Galactic thick-and thin-disk objects. Fu et al. (2018) found that more Li is produced in the Galactic thin-disk phase than in the thick-disk phase, which implies different histories of Li enrichment in these two populations. To investigate the Li-rich giants in different populations, we separated our Li-rich giants into different stellar populations based on their kinematics. We calculated the spatial velocity components (UVW) with respect to the local standard of rest using Astropy The gray line at v sin i = 8 km s −1 is the division between fast and slow rotators. The horizontal line is the conventional standard to define the Li-rich at A(Li)=1.5. Our sample stars are denoted as the circles, and the triangles indicate the sources collected from Rebull et al. (2015) . The red targets mean the stars exhibit infrared excess.
than 70% (Adibekyan et al. 2012) , which indicate that most of our sample stars belong to the thin disk. As suggested by Fu et al. (2018) , the Galactic thin disk both has higher Li abundance and higher Li enrichment compared to the thick disk. This might lead to a high frequency of Li-rich giant in the thin disk under the current definition of Li-rich.
Evolutionary stage
Lithium enhancement is proposed to link some evolutionary stages (Charbonnel & Balachandran 2000; Kumar et al. 2011; Smiljanic et al. 2018) . It is important to investigate the evolutionary stage to reveal the origin of Li excess. To clearly show each Li-rich giant in the Hertzsprung-Russel (HR) diagram (Figure 4) , we displayed the Li-rich giants on the PARSEC evolutionary tracks with masses ranging from 0.8 to 2.6 M at six panels divided by the metallicity. As shown in Figure 4 , the Li-rich giants locate across from RGB to AGB. Most of them are grouped in the region of the RGB bump, RC and AGB, and only a few reside above the RGB bump.
The stars are difficult to confidently distinct from RC to RGB bump in the HR diagram by the spectroscopic parameters alone, while the asteroseismic parameters including average period spacing (∆P ) and the frequency separation (∆ν) can help. Bedding et al. (2011) suggested that the stars with ∆P ≥ 150 and ∆ν ≤ 5 is a valid criterion to separate RC giants with He-core burning from RGB giants with H-shell burning. Unfortunately, our targets did not have the available asteroseismic information from the time-series observations, such as Kepler, TESS. Recently, Ting et al. (2018) developed a data-driven method to obtain the asteroseismic data, and found that RC stars could be identified with a low RGB contamination rate (∼ 9%) for the LAMOST DR3 targets. We crossed match with the above catalog, 15 of our Li-rich giants have been analyzed by the data-driven method, and Ting et al. (2018) classified 13 of them to be RC stars.
As mentioned above, we determined the evolutionary stage by the positions of stars in HR diagrams. In Figure 4 , we assign the different symbols to indicate the different evolutionary stages for the Li-rich giants. Although most of them are consistently classified by both the data-driven method and the position on the HR diagram, some exceptions are encountered. Among the RC stars, five stars clearly locate at the RGB region, while they are identified as RC stars according to Ting et al. (2018) . Considering the errors of stellar parameters (i.e. T eff and luminosity), these targets are too far away from the RC areas (at the top right and the last panels). On one hand, the discrepancy might be caused by a large uncertainty of reddening, because these Li-rich giants are close to the Galactic plane (∼300 pc). On the other hand, they are possibly mis-classified as RC stars due to the RGB contamination of Ting et al. (2018) . Two main mechanisms that included internal and external origins are attributed to the Li enhancement. The key factors to distinct these two hypotheses mainly depend on the associated phenomena with the Li overabundance (e.g. infrared excess, fast rotation, other chemical peculiarities). When a star climbs to RGB, the radius of the star increases, and it is most likely to engulf or accrete the nearby companions (Siess & Livio 1999) . One of the expected effects of companion accretion is the ejection of the shell, and there is subsequent emission in the infrared. Using the Infrared Astronomy Satellite (IRAS) colors, de La Reza et al. (1996) suggested that the mass-loss with the detection of IR excess would associate with the Li-rich phase. However, Rebull et al. (2015) analyzed the connection between the Li overabundance and IR excess in a sample of ∼ 80 Li-rich giants, and did not find any obvious correlation (also see Kumar et al. 2015) . The Li abundance against the IR excess is presented in Figure 3 , and we found that our Li-rich giants exhibit neither a large IR excess in SEDs nor a small IR excess in [22] µm. Similarly, Kumar et al. (2015) found that none of the Li-rich giants have IR excess based on a sample of 2000 K giants, and concluded that IR excess is not correlated with the Li-rich phenomenon.
In addition, the external source to enrich Li would probably increase the projected rotational velocity of stars due to the orbital angular momentum transferred from the external source. Drake et al. (2002) claimed that the rate of Li-rich RGB stars would raise to 50% if v sin i ≥ 8 km s −1 is considered. Carlberg et al. (2012) made a systematic investigation on the relationship of Li overabundance and the rotational velocity, and they divided their sample into two groups by the standard of v sin i ≥ 8 km s −1 , and found that the average of Li abundance of the fast group is ∼ 1.0 dex higher than that of the slow one. This may indicate that high rotational velocity plays a key role in Li enhancement. In the case of our sample, the projected rotational velocities are mainly around 3 ∼ 5 km s −1 , which are the typical values for the K giants (Gray 1989) . Only three of them are detected with a projected rotational velocity greater than 8 km s −1 . Rebull et al. (2015) suggested that a shell ejection (i.e. a large IR excess shown in the SED) might associate not only with Li enhancement but also with fast rotation. If it is the case, the IR excess would be observed for these fast rotators. However, we can not detect any IR excess for the three fast rotators.
The phenomena of IR excess and fast rotation are only the speculation inferred by external episodes. It is important to test whether Li-rich giants have companions. By monitoring the variation of radial velocity, a sample of Li-rich giants was confirmed with companions by using the Tracking Advanced Planetary Systems (TAPAS) (Adamów et al. 2018 ). For Li-rich giants with Li abundance lower than 2.2 dex (Figure 5 ), they can be explained by the engulfment episode of Aguilera-Gómez et al. (2016) . In the model of Aguilera-Gómez et al. (2016) , the maximum Li abundance of RGB star can reach ∼ 2.2 dex after the digestion of a substellar companion with 15 Jupiter mass if the mixing induced by the companion is not taken into account. Although two of the three fast rotators of our sample have Li abundances around the predicted value of Aguilera-Gómez et al. (2016), a number of our stars have Li abundances higher than 2.2 dex, 14 of them even show the Li abundances exceeding the Interstellar Medium (ISM) value (∼3.3 dex). The external mechanism is unlikely to interpret all of our program stars. Considering the low rates of fast rotator and IR excess, the external mechanism might make a minor contribution to the Li-rich giants.
Other than the direct Li contamination by a companion, Denissenkov & Herwig (2004) proposed that the interaction with a companion could trigger the extra mixing. This process is not limited to a specific evolutionary stage, which can account for the Li-rich giants found anywhere along the RGB. In contrast, the mechanism of internal mixing is usually bonded with some particular evolutionary stages. However, the trigger of extra mixing is still not clear (see discussion in section 4.2).
Based on the Li-rich giants from Gaia-ESO iDR4, Casey et al. (2016) reported that most of their stars locate below the RGB bump. They thought that these objects are difficult to be explained through internal mixing, as this process is believed to operate at or past the RGB bump. However, Smiljanic et al. (2018) reinvestigated the Li-rich giants from Gaia-ESO survey including the sample of Casey et al. (2016) benefited from the high-quality parallaxes from Gaia and the revised stellar parameters of iDR5, and they found that the Lirich giants of Gaia-ESO locate near the RGB bump, Hecore burning stages, and early-AGB. A similar result was found based on our more extensive sample, which suggests that most of our Li-rich giants are likely connected to the internal mechanisms.
Li-rich phase in HR diagram
Different explanations for the Li enrichment may be needed for different stellar evolutionary stages. Several scenarios have been proposed for the Li-rich giants at the evolutionary stage of the RGB bump. The prevailing cause of extra mixing is assumed to be thermohaline instabilities (Eggleton et al. 2006) or magnetic buoyancy (Busso et al. 2007 ). Yan et al. (2018) also speculated the combination of these two physical causes for the most Li-rich giant with A(Li) ∼ 4.5, and their simulation showed the possibility to produce such super Lirich object based on the updated nuclear reaction rates and an asymmetric mixing model. It is noted that these suggestions should be related to the RGB bump because the extra mixing is inhibited by the mean molecular weight discontinuity left by the first dredge-up. After the outward-moving hydrogen burning shell erases the chemical discontinuity, the mixing is subsequently allowed to facilitate the CF mechanism, the resultant Li enhancement depends on the mixing speed and geometry (Sackmann & Boothroyd 1999) . Indeed, this Li enhancement site has been supported by the observations (Charbonnel & Balachandran 2000) , this kind of mixing is likely to take effect on nine of our targets located around the RGB bump.
A few Li-rich giants were reported beyond the RGB bump (Monaco et al. 2011; Martell & Shetrone 2013) , and two of our sample stars were also identified. In order to explain these Li-rich giants, Martell & Shetrone (2013) suggested that the thermohaline mixing would happen at any time past the RGB bump. According to the calculation of Sackmann & Boothroyd (1999) , Li would be decreased after the phase of Li enhancement because the freshly formed Li is destroyed again when the mixing goes backward to the high-temperature regions. Thus, the Li-rich giants beyond the RGB bump might be in the process of enriching Li or depleting Li again after the Li enhancement.
Interestingly, several Li-rich giants were identified locating at the evolutionary stage of red clump based on the asteroseismic information (e.g. Kumar et al. 2018; Carlberg et al. 2015; Silva Aguirre et al. 2014) , which is drawing the attention of the community to understand the extra mixing happen at the RC phase. A large portion of our Li-rich giants belong to the red clump (see Table 2 ). Some work tried to reveal the physics related to Li-rich at this stage. According to the positions of a collected Li-rich sample in the HR diagram, Kumar et al. (2011) found that some Li-rich giants might concentrate at the RC region, they suggested that the helium flash might trigger extra mixing to produce Li because all low-mass RC stars should experience the process of He flash. Based on the hydrodynamic simulation of the He flash, Mocák et al. (2011) tried to explain the phenomenon of Li-rich RC star by the hydrogen injection, the injection of hydrogen into helium layer will induce an extra mixing, the matter including Li, C, and N that have been undergone the hydrogen fusion would be exposed to the surface by the mixing process. Nevertheless, Denissenkov (2012) noted that the episode of hydrogen injection flash would not work for the stars with a mass larger than 1.7 M . Alternatively, (Casey et al. 2019 ) speculated that the tidal interaction in a binary system would be responsible for Li production. The rotation-induced mixing can be enhanced with a factor of 6,500 by a binary companion, thus, a high ratio RC of Li-rich giants can be found.
Thirteen of our sample stars are identified as the lowmass AGB stars. As the star evolved to AGB, the HBB principally operate to enrich Li for intermediate mass stars (4-8 M ), but it is not expected for low-mass AGB stars (Palmerini et al. 2011) . This is because the bottom of the convective envelope of low mass AGB stars is too cool to trigger the CF mechanism. Ruchti et al. (2011) discovered a few low-mass Li-rich AGB objects from the RAVE survey and suggested that extra mixing still take effect if the 3 He is not fully depleted before AGB. It agrees with the simulation of Palmerini et al. (2011) , they suggested that the Li abundance of low-mass AGB stars would be reasonable lower than that of RGB stars since the raw material of 7 Li production, 3 He, has been diluted before the AGB (Nollett et al. 2003; Uttenthaler et al. 2007 ). Indeed, the Li abundances show a sys-tematic reduction as the star evolves past log g ∼ 2.0 (see Figure 5) , which is the typical log g of AGB star predicted by the evolutionary track for a 1.0 M solar metallicity star. If we simply divided the Li-rich giants into before AGB and AGB by log g ∼ 2.0, the difference of mean A(Li) between these two groups is about 0.75 dex. Yet, we can not rule out the effect of selection bias on the A(Li) difference, because the selection of Lirich candidate prefers the object with a large equivalent width of the Li line.
Our results show that most of the newly found Li-rich giants cluster at the evolutionary stages of RGB bump, RC and AGB, and the RC and AGB stars occupy a large portion. It is suggested that there do not exist a universal scenario for stars at all evolution stages, multiple Li enriched mechanisms would be needed. Most of the Li-rich giants locate the evolutionary stages of RC and AGB at least for our sample, which may due to the long timescale of the two evolutionary phases.
SUMMARY
We reported 44 newly Li-rich giants and homogeneously investigated them by IR excess, projected rotational velocity, stellar population, and evolutionary stage. With the advantage of high precision stellar parameters, the evolution stages of our Li-rich giants were well determined. Among them, we identified 20 RC stars, 13 AGB stars, nine RGB bump stars, and two stars just evolved past RGB bump. Moreover, eight of the twenty RC stars were reliably determined with both the HR diagram and the data-driven method of Ting et al. (2018) . The non-unique evolutionary sites of Li-rich giants prefer that the various mechanisms of Li enhancement take effect on the different evolutionary stages.
It is suggested that the Li-rich phenomenon associated with the IR excess and/or fast rotation are due to the external mechanism. In our sample, none of IR excess and only 6.8% rate of fast rotator indicate that a minor contribution is caused by the external source. While the internal mechanism is mostly responsible for Li production considering both the Li abundance and the concentration in the HR diagram.
It is hard to firmly distinguish the RC from the RGB bump without asteroseismic data, some discrepancies happen in our determination of evolutionary stages. Also, it is difficult to correct the selection bias, we can not tell the exact ratio among the different evolution stages for our targets. Therefore, it is essential to systematically investigate the Li-rich stars with the asteroseismic information from Kepler/TESS, etc.
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